INTRODUCTION
Wave-length meaSUTements in the arc spectrum of scandium (Z = 21) were published last year.! Many lines due to ionized atoms were observed in the arc, and on the basis of these meaSUTements a fairly complete analysis of the ScI and SclI spectra was made. 2 Yttrium (Z = 39) is a chemical analogue of scandium and should exhibit similar spectral characteristics, but attempts to analyze the structures of its spectra were only partially successful, and it was deemed essential to obtain new observational dIJta. The observations reported in this paper consist of wave-length meaSUTements and line intensity estimates in the ordinary arc and spark spectra of yttrium and additional data on the magnetic resolutions of thc stronger lines. Yttrium (Yt=89.33; Z=39) , like scandium, is usually associated with some of the "rare earth" family of elements and is extremely difficult to obtain absolutely free from traces of the latter. This may account for a considerable number of the differences, especially among fainter lines, noted in various descriptions of yttrium spectra. The material used in the present investigation was purified with great care and patience by J. F. T. Berliner, of the Bureau of Chemistry, Department of Agriculture. Several grams of very pure yttrium oxalate kindly supplied for spectroscopic studies sufficed for numerous exposures for descriptions of arc and spark spectra and for the long exposures required in extending the observations of Zeeman effects. A portion of the same material was used by Doctor King and Miss Carter 3 for their study of the electric furnace spectra of yttrium.
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The spectrograms from which the new wave-length values are derived were obtained by the same procedure which has been successfully used in other cases 4 where only small amounts of salts are available. Rods of pure silver were used as electrodes, yttrium salt was placed upon the lower electrode for the production of the arc spectrum, and the same rods were then used for the spark exposures. Sufficient yttrium was thus fused on the ends of the rods in the first case to give excellent spectra also in the second. Comparison arc and spark spectra of pure silver were photographed adjacent to those of yttrium and silver, so that lines due to the electrodes or to the atmospheric gases could be recognized at once, thus avoiding the necessity of measuring and subsequently eliminating these lines.
For the excitation of the arc spectrum an electric arc of 4 to 6 amperes direct current from a circuit with 220 volts potential difference was used. The spark spectra were produced by a 40,000-volt transformer consuming about a kilowatt, condensers of 0.006 microfarads capacity being placed in the secondary circuit in parallel with the spark.
The wave-length interval from 2500A in the ultra-violet into the infra-red (9500A) was investigated with large diffraction gratings.
while the shorter wave portion to 2100A was photographed with a large quartz spect ograph. The concave gratings were mounted in parallel light as described in earlier publications. 5 For the red and infra-red regions a 6-inch grating rules by Anderson with 7,500 lines per inch, giving a scale of lOA per millimeter was employed, while the remainder of the range was recorded for the most part with a similar grating ruled by Rowland, with 20,000 lines per inch, which gave a dispersion of about 3.6A per millimeter in the fiTst-order spectrum. The stronger lines between 3000 and 6000A were measured in the second-order spectrum of the latter grating, but many of the fainter lines, especially the somewhat hazy spark lines between 2500 and 3800A appeared only on spectrograms made with the first grating. The quartz spectrograph is one of the autocollimating type (E1) made by Adam Hilger; its scale ranges from about 1.5A to 2.7A per millimeter in the interval of wave lengths for which it was used. The arc spectrum of iron was recorded with each yttrium spectrogram to supply the standard wave lengths from which the values for yttrium lines were derived by interpolation.
All the spectrograms were made on photographic plates of thin glass which could be bent to fit the focal curves of the spectrographs. The plates were sensitized 6 with pinaverdol, pinacyanol, dicyanin, or neocyanin to photograph the longer wave portions. Whereas previous attempts to photograph the arc spectrum of yttrium in the infra-red failed to record any lines of wave length exceeding 7881A, the use of neocyanin in the present case extended the wave-length data to 9495A. The exposure times ranged from a few minutes for the ultra-violet to an hour for the intra-red.
ZEEMAN EFFECTS
The spectrograms for the study of Zeeman-effects of yttrium lines were all made in 1924 at the Brace Laboratory of Physics, University of Nebraska, by the late Prof. B. E. Moore. The exposures were made on long strips of Eastman film adjusted to the focal curve of a concave grating spectrograph giving a scale of about 2.5A per millimeter in the first order. A 5,000-volt transformer was employed by Moore for producing sparks between carbon plates impregnated with yttrium solutions and inserted between the pole pieces of the electromagnet. The magnetic field strength was of the order of 28,000 gausses per square centimeter; it was determined from the separations of the magnetic components of sodium lines (D1 and D2) or of • calcium lines (H and K) which were present as impurities. Separate exposures were made for the parallel and for the perpendicular components; all of the measurements and calculations were made at this bureau.
III. RESULTS
Various observers have already described limited portions of the arc and spark spectra of yttrium. The most reliable results up to the year 1911 are quoted by Kayser in his Handbuch del' Spectroscopic, Volume VI; they are by Kayser 7 (arc spectrum 2227.849 to • Walters and Davis, B. S. Sci. Paper, No. 422, 17, p. 353; 1921. 7 Kayser, Abbandl. Berlin Akad., 30! p. 633; 1903. 
.
My intensity estimates were made on an expanded scale more or less like that developed by King. Experience in classifying the lines in complex spectra has shown that such large-scale intensities are helpful in detecting multiplet structures, while the 1 to 10 scale which most spectroscopists have used is not very instructive. Comparison of estimated intensities in arc and spark spectra, especially when these are photographed side by side as in the present case, enables one to decide if the line belongs to spectrum I of neutral a.toms, to spectrum II of singly ionized atoms, or to spectrum III of doubly ionized atoms. Lines of the YtII spectrum may be divided roughly into two classes-those which are nearly as strong in the arc as in the spark and those which appear weak in the arc but greatly enhanced in the spark. The latter are usually hazy and unsymmetrical in the spark. Lines belonging to doubly ionized atoms, YtIII are distinguished by being very strong in the spark, but either absent or extremely weak in the arc.
A small number of lines observed by Exner and Raschek and confirmed by King are included in column 1.
For purposes of comparison and to illustrate certain points of interest Eder's wave lengths and intensities for lines observed in the arc spectrum are given in the next two columns. After correcting some obvious typographical errors in Eder's wave lengths (4039, 4077, 4124 instead of 4030, 4076, 4025) there is, in general, good agreement between his values and mine for the stronger lines, but there are some unaccountable omissions in his list; for example, 3045, 3776, 4487 and a considerable number of faint lines present in his but absent from mine. Similar discrepancies as to the faint lines are noted in comparing any list of yttrium lines with any other of those mentioned above. Some of them may arise from differences in judgment in picking lines out of superposed band structures and certain others may represent unidentified impurities. Special attention is called to the systematic wave-length differences for lines which are shown by my intensity estimates to be hazy, unsymmetrical enhanced lines. For these the effective wave length as measured in the spark is usually from 0.1 to 0.2A greater than the value obtained from arc spectra in which most of the lines appear also but with relatively low intensity. A similar displacement of these enhanced lines was noted much earlier by Exner and Raschek 16 in their first description of the arc and spark spectra.
In column 5 of Table 1 the arc intensity estimates and furnace temperature classes published for yttrium lines by King and Carter 17 are quoted. Lines in Classes I and II appear at low temperature, 2,000° C. Those of Class I show a slower change from low to high " E:mer and Haschek, Wellcnlangentabellen, Deuticke, Leipzig; 1902. 17 King and Carter, Astrophys. J., 6; , p. 86; 1927. [Vol. 1 temperature than those of Class II and as a rule are less conspicuous in the arc. Lines of Class III are usually well developed at medium temperatures, 2,200 to 2,300°, while lines clearly associated with high temperatures, 2,600 to 2,800°, are placed in Classes IV and V, those of Class V being absent or very faint in furnace spectra. The other symbols in column 5 have significance as follows: d, unresolved doublet; n, diffuse arc line; A, relatively stronger in the furnace than in the arc; E, enhanced line.
The vacuum wave numbers corresponding to the observed yttrium wave lengths are presented in column 6 of Table 1. They were taken from Kayser's Tabelle der Schwingungszahlen, and usually represent the mean wave length from columns 1 and 3, but in a few cases where considerable divergence exists the value in column 1 has been preferred.
Zeeman effects for 220 yttrium lines are found in column 7. These represent the more recent observations. They are not only more extensive, but also somewhat better quality than those published earlier. The patterns are presented in the standard notation for Zeeman effects; that is, the separations are expressed in decimal parts of a, the separation of a normal triplet, components polarized parallel to the magnetic field being inclosed in parentheses and followed by the perpendicular components. In complex patterns the strongest component of the group is printed in boldface type. A few lines for which the focus and exposure were best were just barely resolved when the neighboring components were separated by about 1/5a, but many strong lines were regularly overexposed, so that the components could not be resolved even when separated by 1/4a or 1/3a. For unresolved patterns an effort was made to measure the center of gravity of the unresolved group and to give some indication of the intensity distribution among the fused components. For this purpose, the notation used by Back 18 for distinguishing various types of intensity gradients is employed here. The letters A or B after a Zeeman effect mean that the pattern is complex but unresolved, and A indicates that the maximum intensity for perpendicular components is at the edge of a group, while B signifies that it is in the middle of the group. The distinction between strongest component inside or outside of the group is shown by AI and A2, respectively. The complete interpretation of these Zeeman effects will be given in another paper 19 dealing with the spectral-series classification of yttrium lines.
In the last column an attempt is made to assign each observed wave length to its proper atomic or molecular source. This separation of lines into YtI, YtII, YtIII spectra, and assignment of bands to molecular orgin, is based primarily upon the relative intensities and other characteristics reported in column 2. It is supported by the temperature classification and further description in column 5 and by the Zeeman effects describing combinations of spectral terms having even multiplicity for YtI lines and odd multiplicity for YtII lines. The detailed correlation of all the descriptive data on yttrium lines presented above is reserved for a subsequent paper on the analysis of the arc and spark spectra of yttrium. The meaning of the symbols and abbreviations used in Table 1 
